Introduction
Far-ultraviolet (FUV) spectroscopy in the region of 190 -280 nm (in this paper, we define the FUV region as the region between 100 and 280 nm) has long been used for qualitative and quantitative analysis of liquid water and aqueous solutions as a highly sensitive and simple method. [1] [2] [3] [4] [5] [6] [7] [8] [9] In this region, several kinds of ions show a strong band. For example, NO3
-yields an intense band near 200 nm due to the π-π* transition 10 and halogen ions give rise to a CTTS (charge transfer to solvent) band in the 170 -225 nm region. 11 Ferree and Shannon 5 carried out quantitative analysis of nitrogen compounds in waste water by using the NO3 -absorption near 200 nm. We applied FUV spectroscopy in the 190 -280 nm region to qualitative analysis of various commercial mineral waters. 6 The mineral waters could be classified clearly based on bands due to the π-π* transition of NO3 -and the CTTS transition of halides. We have also demonstrated that FUV spectroscopy can be effectively utilized for the quantitative and qualitative analyses of solutes in aqueous solutions because the absorption band near 150 nm due to the first electronic transition (Ã ← X) of liquid water (the ñ → σ* transition of liquid water) is very sensitive to changes in hydrogen bonding. 6, 12, 13 The foot of this band can be observed in the 190 -210 nm region by using an ordinary UV-Vis spectrometer. We demonstrated the potential of FUV spectroscopy in measuring minute quantities of solutes in aqueous solutions, including aqueous mixtures of NH3 and H2O2. 6 The detection limit of these components in the aqueous solutions was 0.2 ppm when using transmission geometry with an optical path length of 1 cm. 6 We have also developed a totally new type of FUV spectrometer in conjunction with the ATR (attenuated total reflection) technique.
14 Our instrument is capable of measuring an absorption spectrum of liquid water down to 140 nm by using a sapphire as an ATR prism. Using it, we investigated how the (Ã ← X) band of water is affected by the addition of solutes to water. 12, 13 We utilized this new technique to monitor the quality of semiconductor wafer cleaning solutions. 8 While the ATR-FUV spectrometer is powerful in that one can observe the whole (Ã ← X) band near 150 nm of water and can investigate effects of hydration on the band, it is often enough to employ an ordinary UV-Vis spectrometer for qualitative and quantitative analysis of various aqueous solutions because one can use the foot near 200 nm of the strong 150 nm band.
Far-ultraviolet (FUV) spectra in the 190 -300 nm region were measured for spring water in Awaji-Akashi area, Tamba area and Rokko-Arima area in Hyogo Prefecture, Japan, these areas have quite different geology features. The spectra of the spring water in the Awaji-Akashi area can be divided into two groups: the spring water samples containing large amounts of NO3 -and/or Cl In the present study, we measured FUV spectra in the 190 -280 nm region of spring water samples collected in three different areas in Hyogo Prefecture, Japan, by using a UV-Vis spectrometer. We attempted qualitative and quantitative analyses of ions included in the spring water. The spring water was collected in Awaji-Akashi area, Tamba area and Rokko-Arima area of Hyogo Prefecture (Fig. 1) , Japan, which have quite different geology features. The areas investigated consist mainly of the Cretaceous sedimentary rocks of the Izumi Group, Cretaceous granitoids, Cretaceous felsic volcanoclastic rocks of the Arima-Ikuno Group, sandstone, mudstone, chert, limestone and basalts of the Japanese accretionary complex of the Tamba belt, sandstone, conglomerate, mudstone, and tuffs of the Miocene Kobe Group, and Plicocene to Pleistocene sand, gravel and clays of the Osaka Group. A geological outline map of Hyogo Prefecture and the sampling points are shown in Fig. 1 .
The first purpose of the present study is to investigate how the differences in ion contents in the spring water are reflected in FUV spectra. We discuss the relation between the water quality studied by FUV spectroscopy and the geology. Another purpose of the present study is to develop calibration models for various anions and cations included in the spring water by using univariate analysis of the first derivative spectra.
Experimental

Collection of the spring water
The spring water samples were collected at the 22 different places in Awaji-Akashi area, Tamba area and Rokko-Arima area in Hyogo Prefecture, Japan shown in Fig. 1 . 15 Note that the spring water obtained in Akashi (A05) is involved in the Awaji-Akashi group. Four of nine spring water samples in the Arima-Rokko area came from the Arima Hotspring and the others were obtained in the Rokko area. Table 1 summarizes the places where we collected the spring water, their temperature values and pH values. The collection of the spring water was carried out on August 29, 2007 and the water collected was kept at room temperature.
All the chemicals used were obtained from Wako Chemical Co. (Osaka, Japan) and used without further purification. Ultrapure water was prepared by an ultra-pure water purifying system (Purelab Ultra Analytic, by Organo, Japan).
FUV measurement
FUV spectra of the spring water, except for those in Fig. 3 , were measured with a Shimadzu 3101PC UV-Vis-NIR spectrometer. A quartz cell with a path length of 1 cm was used for the measurements. FUV spectra shown in Fig. 3 were measured by using a KV-200 far-ultraviolet spectrometer (Bunkoh-Keiki Co., Ltd., Japan). In Fig. 2 , FUV spectra of Na2SO4 (5 mM) and NaNO3 (10 mM) solutions and those of NaCl (50 mM) and MgCl2 (50 mM) solutions were obtained by using CaF2 cells with a path length of 100 and 6 μm, respectively.
Measurements of ion chromatographs
Ion chromatographs of the spring water were measured by means of a Nippon Dionex DX-500 ion chromatograph. Table 2 shows the contents of ions in the spring water measured by the ion chromatograph. 
Quantitative analysis
To reduce noise near 190 nm, which is the measurement limit in the shortest wavelength region of the spectrometer, we interpolated the obtained spectra with polynomial fitting to obtain 0.2 nm resolution. Univariate analysis was carried out by using a homemade program based on MATLAB. The first derivative spectra were used for base line correction. The spectra of the spring water samples A02, A05, H01, H03, and H04 (Table 1) were excluded in the univariate analysis because their absorbances are saturated. Figure 2 shows FUV spectra in the 170 -300 nm region of Na2SO4 (5 mM), NaNO3 (10 mM), NaCl (50 mM), and MgCl2 (50 mM) solutions, and of ultra pure water (UPW). The inset exhibits first derivatives in the 180 -250 nm region of the spectra shown in Fig. 2 . It is noted that the NaNO3 solution shows a strong absorption at around 200 nm due to the π-π* transition, 10 the Na2SO4 solution yields a very steep foot starting at around 190 nm, and the NaCl and MgCl2 solutions give rather gradual foots beginning at around 200 nm. In the first derivative spectra it is of note that the NaNO3 solution shows a maximum at around 220 nm and that there are clear differences around 190 nm between the spectrum of the Na2SO4 solution and those of the NaCl and MgCl2 solutions. Figures 3, 4 and 5 display FUV spectra of the spring water collected in the Awaji-Akashi area, the Tamba area and the Arima-Rokko area, respectively. It is noted that each place yields a characteristic FUV spectrum and that each area also shows characteristic spectral features. It can be seen from Fig. 3 that A02 and A05 show a saturated feature in the spectra. A02 and A05 contain large amounts of NO3 -and Cl - (Table 2 ), and NO3 -shows a broad feature near 200 nm (Fig. 2) and Cl -yields a CTTS band near 170 nm 11 . Thus, the intense features in the spectra in Fig. 3 may be due to NO3
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-and Cl -. The samples of spring water, A02 and A05, spring from sedimentary lithology near the sea shore and thus contain many ions that are in the seawater. The place where A04 was obtained is rather far from the sea, and A04 springs from granitic lithology. Thus, A04 Fig. 2 FUV spectra in the 170 -300 nm region of Na2SO4 (5 mM), NaNO3 (10 mM), NaCl (50 mM), and MgCl2 (50 mM) solutions, and ultra pure water (UPW). Inset: First derivative in the 180 -250 nm region of the spectra shown in Fig. 2 . T01  T02  T03  T04  T05  T06  T07  T08 Ultra pure water Absorbance Wavelength/nm -300 nm region of T01, T02, T03,  T04, T05, T06, T07, T08 and ultra pure water.
does not give rise to an intense band in the 190 -240 nm region.
The results in Fig. 3 clearly reflect the fact that the spring water in the Awaji-Akashi area changes largely depending upon its local geology; some are affected by the seawater very much and others not so much. In this way, it has been found that FUV spectroscopy is a simple and powerful tool for monitoring spring water that reflects directly the geology where the spring water originates. Compared with the marked variations in the FUV spectra of the spring water in the Awaji-Akashi area, the spectral variations of the spring water in the Tamba area are small. This area is so far from the sea that its local spring water does not contain many ions. One can clearly see from Table 2 that the spring water samples in the Tamba area contain much less Cl -, NO3 -, and Na + than those in the Awaji-Akashi area. No spectrum in Fig. 4 shows a saturated peak in the 190 -240 nm region.
H01, H02, H03 and H04 were collected in the Arima Hotspring. Note that although they were obtained in a rather narrow area, each shows a characteristic spectrum. Among the four spring water samples, H01, H03 and H04, which contain large amounts of Cl -, show a saturated band, while H02, which contains only small amounts of Cl -, does not show one. H03 yields a characteristic peak near 215 nm, whose origin is not clear from Table 2 , but it is very likely that H03 involves a specific ion. H02 with very little Cl -and NO3 -shows only a very weak feature below 200 nm. In this way, the FUV spectra of each spring water sample strongly reflect the contents of NO3 -and Cl -.
Quantitative analysis of ions in spring water
Figures 6(a) and 6(b) illustrate FUV spectra and their first derivatives of the nine spring water samples, respectively; univariate analysis was performed on these data to develop calibration models for NO3 -, Cl -, SO4 2- , Na + , and Mg 2+ . The main reason for the use of the first derivative here is based on the fact that the calculation of the gradient can remove unwanted baseline fluctuation. For example, one can find that the baseline shift observed in Fig. 6(a) can be effectively removed in the corresponding derivative spectra shown in Fig. 6(b) . The first derivatives of the spectra shown in Fig. 6 (a). which yield relatively large prediction errors, were removed from the data, final predictions for the samples were derived to obtain the standard deviations and the correlation coefficients. Since the prediction error essentially represent the gap between the experimental data (spectra) and actual concentrations, the outliers are probably due to some unexpected errors in the spectral experiment. Figure 7( Fig. 2 ). The correlation of Na + ( Fig. 10 ) is similar to that of Cl - (Fig. 8) . The counter ion of Na + is mainly Cl -, and there is strong correlation between their concentrations, as can be seen in Table 2 . In other words, the tendencies of the changes in the concentrations of Na + and Cl -are similar. Thus, it is likely that we do not observe the correlation of Na + itself but we see the correlation with the foot of absorption due to Cl -. Interestingly, Mg 2+ shows the correlation at the longer wavelength than Na + . 
Conclusions
FUV spectroscopy has been applied to qualitative and quantitative analysis of spring water samples in three different areas of Hyogo Prefecture in Japan. The present study has demonstrated that FUV spectroscopy in the 190 -300 nm region is a simple and powerful tool for monitoring the characteristic nature of the spring water and for developing calibration models for ions included in the spring water. The following conclusions can be reached from the present study. 1) FUV spectroscopy can classify various kinds of spring water samples that reflect sharply the geology where they are located. Particularly, FUV spectroscopy can clearly discriminate between the spring water from sedimentary lithology and that from granitic lithology. 2) One can develop good calibration models for ions included in the spring water samples by using the first derivatives of their FUV spectra. NO3 gives the best results and Cl -also shows good results. FUV spectroscopy may be very useful for qualitative and quantitative analyses for various kinds of natural water including seawater, river water, and lake water, hot spring water and rainwater. 
